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Abstract
The present study was conducted at the Forensic Medicine Department, Velammal Medical College Hospital & Research Institute, Tamil Nadu, India, with an objective to assess sex differences in thumbprint ridge density from patent thumbprints by ink staining method.
One hundred and thirty three Tamil speaking medical students, 19-21 years of age, participated in the study after obtaining their informed consent. Sample size was calculated using Sample Size Calculator presented as a public service of Creative Research Systems: Survey software, 'The Survey System'.
In the present study, loop pattern was found in 56% of thumbprints, whorl pattern in 32.7%, arch in 8.7% and composite pattern was found in 2.6% of thumbprints. Thumbprint ridge density ranged from 8-12 ridges/25 mm 2 in males and 10-14 ridges/25 mm 2 in females. Difference in ridge density of left and right thumbprints was not significant (pvalue 0.8754). Difference in ridge density of fingerprint patterns was also not significant at p < 0.05.
The present study results will be beneficial for law enforcement authorities in identifying gender from thumbprints. Sex difference in thumbprint ridge density was significant at p < 0.05 and it was inferred that ridge density of ≥10 ridges/25 mm 2 is male and ≤11 is female. [7] . Ridge density was determined as ridge count in 5mm x 5mm dimension squares (25mm But in the absence of a match, reliable data is required for sex identification from a fingerprint. The present study is a step towards identifying sex from thumbprint ridge density (TRD). Fingerprint ridge density, as defined by Acree, is 'ridge count in 5 x 5 mm 2 (25 mm 2 ) in a fingerprint'; and its applicability in gender determination is based on the fact that females tend to have finer ridge details compared to men and, therefore, have higher ridge density [7] .
The present study was carried out at the Forensic Medicine department, Velammal Medical College Hospital & Research Institute (VMCHRI), Tamil Nadu, India,with an objective to assess sex differences in TRD from patent thumbprints by ink-staining method.
Materials and Methods
The present cross-sectional study was carried out from 'Z score' were estimated using 'Mann-Whitney U test'.
Statistical significance was known at p < 0.05.
Results
Of a total 266 thumbprints (LT133 + RT133), loop pattern was found in 56% (149) of thumbprints, whorl pattern in 32.7% (87), arch in 8.7% (23) and composite pattern was found in 2.6% (7) of thumbprints (Table-1 and Figure-2 ).
Statistical Findings on Ridge Density (Quadrant wise) in Male and Female Participants
The results were significant at p < 0.05, which meant that gender can be identified based on thumbprint ridge density of a known quadrant (Table-2 ). given individual, RD of left thumb can be considered similar to that of the right thumb. In the present study, loops and whorls had the major share amongst fingerprint patterns.
Unpaired t-test was applied on these patterns to find if there was significant difference in their RD. However, the result was not significant at p < 0.05, indicating that fingerprint patterns do not play a significant role in thumbprint ridge density. Table-4 shows the distribution of RD throughout the quadrants according to sex. The likelihood ratio (LR) was calculated using ridge density values based on Baye's theorem [9] . LR for males decreased drastically from 48.3 to 1.5 between 10 and 11 RD, whereas in females, LR increased drastically from 0.7 to 24.4 between 11 and 12 RD, showing that RD of ≥10 ridges/ 25 mm 2 is more likely a male, and ≤12 ridges/25 mm 2 is more likely a female.
Discussion
In a study by Oktem et al. [8] , ridge density (RD) [15] . Different methodologies adopted, and ethnic and geographic variations are responsible for differences in results reported by various authors (Table-5 ).
The author of the present study believes that the ridges are less coarse in females, which is why they have higher RD. Coarseness of a ridge is termed as ridge breadth.
Ridge breadth (RB) is defined as the distance between the center of one epidermal furrow and the center of the next furrow along a line at right angles to the direction of the furrows [16] . This definition refers to blue/black ink fingerprints on a white paper, as in the present study. Kralik 
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Indian Tamil ≥10 ≤11 [17] . Indeed, narrowest RB was observed in patients with Turner's syndrome (X), while XYY males had the widest [18] . Cummins et al. were the first to present extensive reports on dimensions and sex related differences in RB.
They reported a ridge breadth (RB) of 0.48 mm for males and 0.43 mm for females [19] [20] . Earlier studies on Polish children have reported that there is no significant difference in RB between males and females up to the age of 12 years, whereas in older children, the difference between the two sexes is significant. Also, the ridges are not age dependent and do not change unless affected by injury. However, the ridges do grow further apart with an increasing age as the body size increases [21] [22] [23] . Gutierrez-Redomero et al. [24] stated that epidermal RB varies considerably among different dermatoglyphic topological regions and between the genders. Also, there is a relationship between RB and hand size, which means that males, by the virtue of larger hand size, have higher RB and lower RD. For the same reason, the author of the present study believes that RD of the thumb is lower, by virtue of its larger size, compared to the other fingers in a given population. Therefore, RD for the thumb should be analysed and reported separately, which is why thumbprints were specifically considered for the present study. None of the previous studies reported results specific for the thumb.
The is hoped that the results will be beneficial for law enforcement authorities in identifying gender from thumbprints. Also, the present study gives scope for further research on sex differences in ridge breadth of a patent thumbprint.
Conclusion
In the present study, loop pattern was found in 56% of thumbprints, whorl pattern in 32.7%, arch in 8.7% and composite pattern was found in 2.6% of thumbprints. 
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